INTRODUCTION
The bovine lens neutral proteinase (Waley & van Heyningen, 1962; Ray & Harris, 1985; Wagner et al., 1985b Wagner et al., , 1986b is one of a number of multimeric mammalian neutral endopeptidases (Wilk & Orlowski, 1983; Dahlmann et al., 1985; Rivett, 1985; McGuire & DeMartino, 1986; Yamamoto et al., 1986; Hough et al., 1987; Zolfaghari et al., 1987a,b) having a high-Mr (650000-700000) and multiple subunits (Mr 21000-35000). These enzymes have been grouped together as multicatalytic proteinase complexes on the basis of their substrate specificities and/or their structural similarities on SDS/PAGE (Bond & Butler, 1987) .
The lens enzyme has broad specificity for cleavage at arginyl-, leucyl-and glutamyl-peptide bonds (Wagner et al., 1984 (Wagner et al., , 1985b (Wagner et al., , 1986b , in common with multicatalytic proteinase complexes from other sources (Wilk & Orlowski, 1983; Dahlmann et al., 1985; Zolfaghari et al., 1987a,b) . Differential inhibitor characteristics suggest the presence of more than one type of active site (Wagner et al., 1985a (Wagner et al., , 1986b , as first described for the pituitary enzyme (Wilk & Orlowski, 1983) . In the lens enzyme, one of the three distinct activities is inhibited by di-isopropyl fluorophosphate (Wagner et al., 1985a) , suggesting the presence of an active-site serine. Alternatively, the lens enzyme may be a cysteine proteinase, since each of the three activities appears to be inhibited or activated by cysteine-directed reagents (Wagner et al., 1986b) . There is evidence that the lens (Wagner et al., 1986a) and liver (Rivett, 1985) enzymes function to degrade oxidized proteins.
Antisera raised against several preparations of multicatalytic proteinase complexes have been characterized by Ouchterlony double-diffusion analysis (Wilk & Orlowski, 1980; Ray & Harris, 1985) , by immunoelectrophoresis (Dahlmann et al., 1985) and by Westernblot analysis (Ray & Harris, 1987; Falkenburg et al., 1988; McGuire et al., 1988) . The purpose of the present study was to probe the sructural relationships between the lens enzyme subunits using monospecific antibodies obtained by affinity purification from a polyclonal antiserum prepared against the multicatalytic proteinase complex.
EXPERIMENTAL
Fresh bovine eyes and frozen whole pituitaries were obtained from Max Insel Cohen, Livingston, NJ, U.S.A. Lenses (from 1.5-year-old animals; average weight 2 g) were dissected from freshly obtained eyes and stored at -80 'C. Multicatalytic proteinase complex was prepared from lenses and pituitaries essentially by the methods of Ray & Harris (1987) Antibodies to the pituitary multicatalytic proteinase complex prepared as described above were generated in New Zealand White female rabbits at Cocalico Biologicals, Reamstown, PA, U.S.A. Polyacrylamide-gel segments containing approx. 50 ,ug of antigen were dispersed in Freund's adjuvant and injected subcutaneously at multiple sites along the back. The procedure was repeated after 3 weeks. Antibody was detectable 1 week after the second injection in an Ouchterlony double-diffusion assay in 0.4 00-agarose plates containing 150 mM-NaCl and 1 mM-NaN3. Analytical electrophoretic procedures SDS/PAGE was carried out essentially as described by Laemmli (1970) in a 12 % separating gel and a 300 stacking gel. Samples contained 0.2 / 8-mercaptoethanol. Omission of the reducing agent resulted in only minor changes in the migration patterns of the lens and pituitary enzymes. The Mr values for the prestained standards, which differed for specific proteins depending on the commercial source, are indicated in Fig. 1 
(below).
Mr values were estimated using the two sets of Mr standards shown in Fig Isoelectric focusing was carried out on Ampholine PAGplates, pH 3.5-9.5 (Pharmacia LKB Biotechnology, Piscataway, NJ, U.S.A.), presoaked in 5 M-urea with 2.2% Ampholine. An enzymically active segment of a native polyacrylamide gel (see above) was applied directly on to the isoelectric-focusing gel.
Electroblotting to two sheets of nitrocellulose or Immobilon-PVDF (Millipore, Bedford, MA, U.S.A.) was essentially by the procedure of Towbin et al. (1979) . The second sheet from the gel was stained to determine the pattern of any protein that had passed through the contact sheet; nitrocellulose blots were stained for I min with 0.1 % Amido Black (Gershoni, 1982) , and PVDF blots were stained with 0.1 % Coomassie Brilliant Blue (Millipore's technical protocol).
Immunological procedures
For probing with antisera, the contact nitrocellulose or PVDF membranes were blocked in freshly made filtered 5 % non-fat dry milk in phosphate-buffered saline (PBS) (Johnson et al., 1984) for 1 h at room temperature. Immunostaining was essentially by the method of Smith & Fisher (1984) , except that the milk solution was substituted for bovine serum albumin. Rabbit antiserum to pituitary multicatalytic proteinase complex was diluted 1:500 in milk/PBS. After rinsing, the blot was incubated for 2 h at 37°C with goat antirabbit IgG-alkaline phosphatase conjugate (Sigma, St. Louis, MO, U.S.A.) at 1:1000 dilution in milk/PBS. Immunoreactive bands were revealed with tetrazolium (Smith & Fisher, 1984) . Use of prestained standards on (1981) . The lens enyzme polypeptides were resolved by SDS/PAGE and blotted on to PVDF membranes as described above. After blocking with 30 bovine serum albumin/PBS, the membrane was incubated overnight at room temperature with a 1:500 dilution of the polyvalent rabbit antibody used above. Strips of the blot were then immunostained as described above to locate the bands. Antibodies were eluted with 3 M-KSCN in 0.1 0 bovine serum albumin/ PBS from specific band areas of the unstained PVDF membrane. The affinity-purified antibodies were dialysed and diluted to 5 ml with 1 00 bovine serum albumin/PBS and stored at -20 'C.
RESULTS AND DISCUSSION
Multicatalytic proteinase complex prepared from lens ( Fig. la) or pituitary (results not shown) displays eight bands of Mr 24000-38 000 on SDS/PAGE in a characteristic pattern (Bond & Butler, 1987) . The actual Mr values are slightly higher than previously reported for the lens enzyme (Ray & Harris, 1985) . This is probably due to the choice of commercially available standards, since we Centre well, rabbit antiserum raised against pituitary multicatalytic proteinase complex purified by preparative SDS/PAGE; well 1, lens multicatalytic proteinase complex; well 2, pituitary multicatalytic proteinase complex; wells 3 and 5, SDS-denatured partially purified lens multicatalytic proteinase complex; well 6, native form of the partially purified lens enzyme preparation used in wells 3 and 5; well 4, empty.
obtained lower values in one experiment in which other standards were used. Prestained standards were used in immunoblots for ease of observation (see, e.g., Fig. 1 ). Rabbit antiserum raised against the multicatalytic proteinase complex was evaluated by Western-blot analysis. The immunostaining pattern was obtained by electrotransfer of the bovine lens enzyme from an SDS/PAGE gel on to nitrocellulose (Fig. lb) , followed by reaction with antiserum raised against pituitary multicatalytic proteinase complex obtained from a preparative native gel in our laboratory (Fig. 1c) . Antibody binds to four (Mr 24000, 26000, 34000 and 37800) of the eight bands resolved on SDS/PAGE of the purified lens enzyme (n = 25) and pituitary enzyme (results not shown). When 0.5-20 ,tg of enzyme were applied to an SDS/PAGE gel, the number of components which the probe revealed was constant (results not shown).
Analysis on Ouchterlony plates (Fig. 2) showed a reaction of identity between the lens (well no. 1) and pituitary (well no. 2) enzymes using the antiserum raised against the pituitary enzyme. The expected loss of epitopes in the SDS-treated lens enzyme is seen in the reaction of partial identity between the SDS-treated lens enzyme (wells nos. 3 and 5) and the native enzymes (wells nos. 2 and 6). The reason for the limited and differential reaction of the antibody with the eight bands shown in Fig. l(b) is not known. It is possible that the unreactive polypeptides are not accessible in the native protein used as the antigen. This inaccessability may be related to the finding that, in some preparations at least, the enzyme is associated with significant amounts of RNA (Falkenburg et al., 1988) . Alternatively, there may be sufficient similarity between the bovine enzyme and the host rabbit enzyme to render these proteins non-immunogenic in the rabbit. The four unreactive bands represent significant amounts of the enzyme protein. Since they do not bind the antibodies which do bind to the four immunoreactive bands, they are likely to be structurally distinct from the reactive polypeptides. Protein staining of the electroblot (Fig. lb) showed diminished transfer to nitrocellulose of the Mr-36000 band seen in the gel (Fig. la) . This nonuniform transfer was not seen in other experiments in which blots were stained for protein (n = 25), nor did this band ever bind antibody (n = 25). Thus the pattern seen in Fig. 1(c) is a clear reflection of the specificity of the antibody and is unrelated to variable transfer.
An antiserum to the bovine lens enzyme (Ray & Harris, 1987) has been reported to react with polypeptides of Mr 68 000 and 200 000, as well as with the polypeptides of Mr 20000-26000 in enzyme preparations from several human tissues (lens results not shown). With enzyme from bovine tissues, including lens, the antiserum only reacted with Mr-20000-26000 polypeptides. However, reaction with all eight bands of the purified enzyme was reported in all instances. In contrast, and similarly to the work reported here, immunoblots with antisera raised against the enzyme from rat skeletal muscle (Arrigo et al., 1988; Falkenburg et al., 1988) and human erythrocyte (McGuire et al., 1988) appeared to have limited immunoreactivity. The Mr values for the immunoreactive polypeptides were not reported.
We prepared monospecific antibodies to the immunoreactive polypeptides to study the antigenic relationships between the subunits. Monospecific antibodies eluted from the 38000-and 34000-Mr bands bind equally well to either band (Fig. 3, panels b and c) (approx. 20 ,g ) obtained from a gradient native polyacrylamide gel was resolved by isoelectric focusing (I.e.f.) (pH 3.5-9.5, anode at left), followed by SDS/PAGE. these polypeptides have epitopes in common. Some binding to the 26000-Mr band is discernible. Monospecific antibody eluted from the 24000-Mr band showed binding to the 24000-, 34000-and 38000-Mr bands that is approximately proportional to the amount of protein indicated by Coomassie Brilliant Blue staining (Fig. 3,  panel d) . These results are consistent with the interpretation that strongly immunodominant determinants on the higher-Mr polypeptides are absent from the 24000-Mr polypeptide, but that other determinants are shared. One possible explanation for this is that the 24000-Mr polypeptide is a degradation product of the higher-M, polypeptide(s) from which immunodominant determinants have been lost. The remaining minor determinants may have limited antigenicity, owing to inherent structural characteristics that remain unchanged after cleavage. Alternatively, instead of cleavage, the absence of immunodominant determinants could be due to a difference in amino acid sequence or a change in conformation. Because of the contribution by conformational effects to antigenicity, the extent of cross-reactivity is not necessarily related to sequence similarity. However, since the immunoblot reactions are carried out on samples which had been denatured by SDS, we are likely to be looking at antibodies to linear sequence epitopes. The reaction of partial identity seen on Ouchterlony plates (Fig. 2) after SDS treatment suggests that the antiserum contains antibodies to both sequential and conformational epitopes.
We have observed up to 11 distinct bands in the SDS/ PAGE pattern of the lens and pituitary multicatalytic proteinase complexes in some experiments. To explore the possibility that single bands on the one-dimensional SDS/polyacrylamide gels discussed above might represent several polypeptide chains, two-dimensional PAGE (isoelectric focusing followed by SDS/PAGE) was carried out. Fig. 4 shows a relatively simple two-dimensional pattern, with proteins in the pH range 4.5-6.8. A similar, simple pattern has also been observed with the enzyme from other tissues (Arrigo et al., 1988) .
The findings reported here show that the bovine lens enzyme, which carries out diverse catalytic activities, comprises both structurally related and unrelated polypeptides. The tertiary and quaternary structure of the enzyme complex is such that a significant component appears to be unavailable to stimulate an antibody response. It is unlikely that those subunits that share epitopes have arisen by gene duplication or post-translational modification of the same gene product, whereas those subunits that do not cross-react are likely to have a different origin.
